e as-cast Mg-14Li-1Zn alloy was hot rolled at different temperatures with the reduction of 50%, followed by cold rolling with the reduction of 80%. e effects of the hot rolling temperature on the microstructure and mechanical properties of the final specimens were investigated. e results show that the higher rolling temperature brings about a more homogeneous microstructure, which is favorable for the subsequent cold rolling. When the hot rolling temperature is 300°C, the final specimen possesses the highest tensile strength and hardness of 238 MPa and 67.7 HV, respectively. When the hot rolling temperature is 200°C, the final specimen possesses the highest elongation of 24.6%.
Introduction
Mg-Li base alloys have been attracting more and more attention from researchers. e existence of Li element causes a low density of the alloys, 1.35-1.65 g/cm 3 , which is very appealing for the application in the fields of aerospace and weapon equipment. Additionally, the addition of Li into Mg brings about a good plasticity due to the reduction of c/a value of α(Mg) crystal lattice and the introduction of bodycentered cubic (BCC) phase of β(Li) [1] .
With the requirement of light-weight becoming more and more harsh, the Mg-Li alloy with high Li content becomes more and more welcome in the material design. When Li content is larger than 10.3 wt.%, the matrix of the Mg-Li alloy is a single phase with the BCC structure [2] . e single-phase Mg-Li alloys with the BCC structure always possess a relatively low strength. Fortunately, they possess good plasticity, which provides a large potential for strengthening through deformation. Accordingly, it is a good strategy to obtain an alloy with high specific strength through deforming high Li content Mg-Li alloys [3] . Because of the different crystal structure of BCC from HCP, the deformation behavior of high Li content Mg-Li alloys is different from that of ordinary Mg alloys [4, 5] . erefore, it is necessary to investigate the effects of deformation processing on the microstructure and mechanical properties of Mg-Li alloys with high Li content.
In our previous literature [6] , considering the excellent plasticity of the Mg-14Li-1Zn alloy, the alloy was cold rolled directly with the purpose to obtain strain strengthening as large as possible. e ultimate tensile strength is improved from 117 MPa to 210 MPa with a rolling reduction of larger than 70%. But, most of the specimens possess poor elongation, lower than 10%. It was found that the poor elongation was attributed to the inhomogeneous microstructure during cold rolling.
In the previous literatures [6] [7] [8] , the high Li content Mg-Li alloys were rolled at either elevated or room temperature. In summary, the strengthening effect of hot rolling on the alloys is limited, but the alloys keep good plasticity. On the contrary, the cold rolling has an obvious strengthening effect, but the plasticity of the alloys is poor. Accordingly, the combination of the advantages of both cold rolling and hot rolling is appealing for improvements of both strength and plasticity.
In this paper, the strategy is to combine the advantages of both cold rolling and hot rolling, so as to obtain the high Li content Mg-Li alloys with good comprehensive mechanical properties. A process of hot rolling was carried out before cold rolling. e effects of the hot rolling on the microstructure and mechanical properties of the final cold-rolled Mg-14Li-1Zn alloy were investigated.
Materials and Methods
A high Li content of the Mg-Li alloy, Mg-14Li-1Zn, was prepared from commercial pure metals of Mg, Li, and Zn. e ingots of Mg, Li, and Zn were loaded in a graphite crucible which was mounted in the furnace chamber. e chamber was pumped into vacuum, and then the chamber was filled with the inert argon atmosphere. Subsequently, the heating process began and the ingots in the crucible were heated to 700°C and the temperature was held for 15 min. en, the melt was poured into a permanent mold to obtain a book-shape as-cast alloy. e as-cast alloy was homogenized at 200°C for 12 h. en, the specimens were hot rolled at 150-300°C with a rolling reduction of 50%. Finally, the hot-rolled specimens were further cold rolled with a rolling reduction of 80%. e microstructure of the specimen was observed with optical microscopy (OM) and transmission electron microscopy (TEM). e specimen for OM is mechanically polished and then is etched with 3 vol.% nital. e fracture microstructure was observed with scanning electron microscopy (SEM). e hardness of the alloy was measured with a microhardness tester. e loading force was 100 gf, and the holding time is 15 s. e tensile test was conducted with an initial strain rate of 1 × 10 − 3 s − 1 . e gauge dimensions of the tensile specimens were 16 mm × 4 mm × 2 mm. 
Results and Discussion
e microstructure of the as-cast Mg-14Li-1Zn alloy has been reported in our previous literature [6] . It is known that the matrix of the alloys is β(Li), in which a minute quantity of spherical α(Mg) distribute. Grains of the as-cast alloy are inhomogeneous and coarse with an average grain size of 300-800 μm. Accordingly, here we only provide the microstructure of hot-rolled and the subsequent cold-rolled specimens.
Microstructure of the Hot-Rolled Mg-14Li-1Zn Alloy.
e OM images of the Mg-14Li-1Zn alloy hot rolled at different temperatures with the rolling reduction of 50% are shown in Figure 1 . At 100°C, the grains are elongated and many slip bands exist along 45°with the rolling direction. With the increase of rolling temperature, the grains are deformed as an elongated shape more seriously, and the amount of slip bands becomes less. e deformation of the grains becomes more homogeneous.
Microstructure of the Cold-Rolled Mg-14Li-1Zn
Alloy. Figure 2 shows the OM images of the cold-rolled specimens after hot rolling at different temperatures. When the temperature of hot rolling process is low, the microstructure is inhomogeneous with the serious deformed structure near the surface and the slip bands at the center of the sheets, displaying a layered microstructure. With the increase of temperature, the microstructure becomes more and more homogeneous. When the hot rolling temperature is 200°C, the slip bands evenly distribute, as exhibited in Figure 2(c) . When the temperature is higher than 250°C, the fibrous structure becomes obvious, as shown in Figures 2(d) and 2(e). Figure 3 illustrates the TEM images of the cold-rolled Mg-14Li-1Zn alloy after hot rolling at different temperatures. From Figures 3(a) and 3(b), many subgrains with the size of 500-1000 nm exist in the alloy under 100°C. e broad span of size distribution is caused by the inhomogeneous microstructure because of the low temperature during hot rolling [9] . e disorientation cannot be eliminated during hot rolling at low temperature, which triggers the abnormal growth of subgrains. When the temperature is 150°C, many dislocations pile-up, and a small amount of subgrains with a size of 200 nm exist among the dislocations, which demonstrates that the dynamic recovery occurs through polygonization. It can also be observed that, when the head dislocation moves through granular α(Mg), the dislocation bends because of the restrain caused by the antiphase boundary. Accordingly, the interaction between dislocations and α(Mg) brings about the Orowan strengthening [10] . From Figures 3(e ) and 3(f), a large amount of subgrains form with a narrower size span compared to that of Figures 3(c) and 3(d), and they distribute more evenly. After hot rolling at 250°C, the amount of subgrains becomes less and these subgrains distribute evenly. It can be concluded that during the cold rolling, the deformation happens evenly and the strain-softening mechanism becomes weaker, and the dislocations can be effectively piled up [11] . e microstructure in Figures 3(i) and 3(j) is very different from that at other temperatures. e dislocation pile-up exists in the subgrains, not around the subgrains. It can be inferred that the subgrains form during the hot rolling at 300°C, and during the subsequent cold rolling, the sheet is deformed uniformly without dynamic recovery because of the less amount of dislocations in the state of hot rolling. During the subsequent cold rolling, the dislocations form in the subgrains, causing the strain hardening obviously [12] .
In summary, the hot rolling temperature has obvious influence on the microstructure of the subsequent cold rolling specimens. If the microstructure of hot rolling is homogeneous with a low density of dislocations, it is favorable for the dislocation pile-up during the subsequent cold rolling. Figure 4 shows the hardness of the specimens after hot rolling with 50% reduction (50% HR) and hot rolling plus cold rolling with 50% reduction and 80% reduction (50% HR + 80% CR), respectively. It can be observed that the subsequent cold rolling improves the hardness of the hot-rolled specimens. As for the specimens with the temperature lower than 200°C, the increase of hardness caused by cold rolling is not obvious. When the temperature is larger than 200°C, the increase of hardness is obvious. When the hot rolling temperature is low, the hardness of the hot-rolled specimen is relatively higher than that of high temperature because of the large amount of dislocations formed during hot rolling. In the subsequent cold rolling, the dislocations can trigger the process of dynamic recovery, and the work hardening happens simultaneously. Under the comprehensive effects of dynamic recovery and work hardening, the unobvious improvement of hardening is obtained [13] . Under the temperature higher than 200°C, the hot-rolled microstructure is homogeneous with a low density of dislocations, and many subgrains exist in the microstructure. In the subsequent process of cold rolling, many dislocations form in the subgrains, causing the increases of dislocation density. Accordingly, the obvious increase of hardness is obtained [14] . Figure 5 shows the stressstrain curves of the hot-rolling plus cold-rolling specimens under different temperatures, and the strength and elongation values are listed in Table 1 . When the temperature is 100°C, the tensile strength and elongation are both the lowest, 179 MPa and 11.9%, respectively. From the OM images, the hot-rolled microstructure under this temperature is not homogeneous with obvious plastic deformation at the surface of the sheet and the almost undeformed microstructure at the center of the sheet. Under this state, some microcracks will exist inevitablely during the subsequent cold rolling, causing the poor strength and elongation [15] .
Hardness.

Tensile Testing Properties.
e specimen under 200°C possesses the highest elongation of 24.6%. is can be attributed to the dynamic recovery and subgrains. e specimen under 300°C possesses the highest strength of 238 MPa. e grain disorientation is weakened and a homogeneous microstructure is obtained. e hotrolled microstructure is favorable for the homogeneous plastic deformation. A large amount of dislocations exist in the cold-rolled sheet, causing a high strength [16] .
Conclusions
(1) e microstructure of the hot-rolled specimen becomes more and more homogenous with the increase of rolling temperature. (2) e homogenous hot-rolled microstructure is favorable for the subsequent cold rolling, which brings about the improved mechanical properties. 
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